the Earth, aiming to increase the scientific knowledge of botany, zoology, geology and hydrography in remote regions of America and the Pacific. These studies, together with others referring to other coasts of the Peninsula, could be considered as the start of a systematic Iberian marine scientific research. In fact, a new 'Malaspina expedition' was organized between 2010 and 2011, in a journey of 42,000 nautical miles around the world, dealing with new issues, such as biodiversity in deep waters, climate change or use of new genomic approaches in studying marine waters (Rebok, 2012) .
In the 19th Century, the ultramarine 'Scientific Commission of the Pacific', an expedition to the South America Pacific coasts and on the downstream part of the Amazon River, was of particular interest; this departed in 1862, returning in 1866 with extensive observations and collected material. This expedition provided a renaissance of marine research in the last three decades of the 19th Century. Hence, in 1871, the Spanish Society of Natural History was founded, in Madrid. One of the earliest activities of the Society was to promote and to request the creation of Marine Laboratories along the Spanish coast. The plan included several visits to other European centres working in marine biology and oceanography (in particular the 'Stazione Zoologica de Napoli', in Italy). The first Marine Laboratory was created in Santander, in northern Spain, in 1886, which was integrated into the Spanish Institute of Oceanography, created in 1914 to join and coordinate the research in all the institutional marine laboratories in Spain. At the end of the 19th Century, Adolfo Navarrete y de Alcázar published the first modern Spanish texts on Oceanography (1896) and Marine Biology (1898) (Duarte et al., 2006) .
As early as 1908, the Oceanographic Society of Gipuzkoa (Basque Country, northern Spain) was founded (the second oldest in the world, after that of Monaco), having in mind the development of practical and applied knowledge of the sea. In 1913, there were several considerations published by this Society, which can be accepted as valid today: "Many people believe that the sea is an endless source of marine products, and that however much that men take from it, using any kind of catchment procedures, sea richness does not become diminished and will remain forever. It is necessary to say and repeat that fish, as all the products of nature, have the risk to be exhausted" (see Rallo and Borja, 2004) .
The scientific activities of these societies included oceanographic research cruises undertaken along the Spanish coasts. In parallel, in Portugal, from 1896 to 1907, the King D. Carlos I promoted and participated as naturalist in several oceanographic cruises, along the Portuguese coast. As a whole, these expeditions generated an important practical and theoretical knowledge of the marine systems, namely regarding commercial fisheries.
A number of Iberian faunistic and floristic monographs were published from mid-19th Century to mid-20th Century; e.g. crustacea (de Buen, 1886) ; cryptogams (Colmeiro, 1889; Lázaro-Ibiza, 1889 , 1893 ; porifera (Ferrer-Hernández, 1914a , 1914b ; molluscs (Hidalgo, 1917; Nobre, 1936) ; fishes (de Buen, 1942; Lozano Rey, 1928) ; polychaetes (Rioja, 1931) ; etc.
By this time, habitat conditions and other ecological aspects were included as being characteristic of the species. Nevertheless, although there are some early studies concerned with oceanography, bionomics and ecology, these disciplines acquired its present significance with Ramón Margalef (1919 Margalef ( -2004 , considered one of the fathers of modern ecology. His book 'Ecology' (Margalef, 1977) represents the hinge between the 'old Iberian marine science' and the 'new one'. Around that time (in 1979) , some of Margalef's students, started to organize scientific meetings that are at the genesis of today's 'Iberian Symposium of Marine Biology Studies', the first of which took place in San Sebastián (northern Spain) (Niell and Ros, 1982) . Hence, this overview introduction wants to be a tribute to all marine naturalists and scientists, who have contributed to expand the marine knowledge in the Iberian Peninsula in the past 300 years, presenting also the current research topics and future challenges.
Conflict: from the 1970's to the economic crisis
After the reinstitution of democracy in Portugal and Spain (in 1970's) , science in general and marine science in particular, experienced a rapid growth, with the creation of five faculties of marine science and several research institutes in Spain (Delgado et al., 1999) . In Portugal, a research funding scheme was then initiated and evolved from calls sponsoring persons and research projects only, to its current status, where PhD programs, multi-institutional research centres and associate laboratories dedicated to Marine Science are all part of the state funding system, under international assessment. Iberian marine research benefited from Portuguese and Spanish adhesion to the European Community, in 1986, and the accession to European research funds, such as the thematic programme MAST (Marine Science and Technology), and the successive research Framework Programmes. In addition, national governments invested also in training, research infrastructures and oceanographic vessels (Delgado et al., 1999; Duarte et al., 2006) . This resulted in an increasing presence of Iberian marine research in international scientific journals (Duarte et al., 2006) . In order to get an objective view of the current scientific production in the Iberian Peninsula, the Elsevier's search tool 'SCOPUS' was consulted on 3rd February 2013. As this special issue deals with the 'Iberian Symposium on Marine Biology Studies', the terms "marine biology", or "marin*", or "coast*", or "estuar*", appearing in the abstract, title or keywords within articles or reviews, were searched together with the affiliation of the authors in Portugal or Spain. The search was only in the Science Citation Index (SCI) journals. This selection can show differences with previous bibliometric studies in the area (e.g. Duarte et al., 2006) , in which terms such as 'oceanography', 'engineering' and others were used also.
Hence, over a total of 516,114 papers published in the world under the topics selected, 21,565 papers were published in Iberia (4.2%), for the period 1974-2012. Spain is in the 9th position and Portugal in 21st position of the countries publishing in marine biology (Fig. 1) , which is much higher than the corresponding position in population (27th and 81st, respectively). In fact, the progress was very important, since they occupied the positions 27th and 72nd, in 1980; 23rd and 70th, in 1985; 15th and 43rd, in 1990; 12th and 34th, in 1995 and 9th and 26th, in 2000, respectively. The number of SCI manuscripts per year was very small (b10) in the 1970 's, increasing from 18, in 1980, to 251, in 1995 (Fig. 2) . In 1996 a sudden increase occurred (to 469 manuscripts) and then an exponential increase can be observed until N2000 manuscripts per year, after 2010 (Fig. 2) .
The authors who have published more than 70 papers each during that period of time are listed in Table 1 . From 21 authors, 8 are Portuguese and 13 Spanish. The first most productive author is the Spanish scientist C.M. Duarte, and the next 5 most productive authors are Portuguese. The authors work mainly in universities (12, including 6 Portuguese and 6 Spanish), followed by the Spanish CSIC ('Consejo Superior de Investigaciones Científicas', with 6 centres), 2 Portuguese institutes, and 1 Spanish private research foundation (AZTI-Tecnalia) ( Table 1 ). The increase in papers after 2004 could be attributed, among other factors, to two main issues: (i) the investment of research after the 'Prestige' oil spill, in 2002 in northern Spain, which, after an initial lack of research coordination (Freire et al., 2006) , supposed an international cooperation in the investigation of the effects; and (ii) the relevant role of Portuguese and Spanish scientists in the implementation of the Water Framework Directive (WFD, 2000/60/EC), and the subsequent development of different ecological assessment methods (Birk et al., 2012) . (Table 1) .
From the total of papers published in the period 1974-2012, Iberian authors have published at least 25 papers in 160 different SCI journals, representing 45% of the total papers ( Table 2 ). The most selected journal was 'Estuarine, Coastal and Shelf Science', with 506 papers; then, 'Marine Ecology Progress Series', with 435; and 'Marine Pollution Bulletin', with 372 (Table 2) . A Spanish journal, 'Scientia Marina', published by the CSIC, occupies the 5th place, with 310 papers (Table 2) . It is of note that highly ranked SCI journals, such as 'Nature' and 'Science', have only 38 and 32 papers, respectively, from Iberian authors in the selected topics (Table 2) .
From the keywords used by Spanish and Portuguese scientists, it can be seen (Table 3 ) that the most frequent topics, both in the Atlantic Ocean and the Mediterranean Sea, are: (i) biodiversity, taxonomy and community structure (different taxonomic groups studied, etc.), which appear in 20.8% of the papers; (ii) environmental research (water pollution, environmental monitoring, etc.), in 18.3%; (iii) estuarine and coastal environments, in 11%; (iv) oceanography (seawater, salinity, upwelling, modelling, etc.), in 9.41%; (v) effects of pollution (bioaccumulation, Fig. 1 . Countries publishing more than 4000 manuscripts, under the terms: "marine biology", or "marine", or "coast", or "estuary", appearing in the abstract, title or keywords, since 1974 (consulted in SCOPUS, on 3rd February 2013). Fig. 2 . Number of manuscripts, published by Portuguese and Spanish authors under the terms: "marine biology", or "marine", or "coast", or "estuary", appearing in the abstract, title or keywords, since 1974 (consulted in SCOPUS, on 3rd February 2013). eutrophication, etc.), in 3.81%; (vi) fisheries and aquaculture, in 3.29%; (vii) genetics and genomics (molecular and nucleotide sequence, etc.), in 3.27%; and (viii) climate change, in 1.07%.
Despite of the number of published papers in recent years, since 2009 the Iberian countries have experienced an important economic crisis, leading to cut the operational budgets of statutory bodies and universities (in some cases more than 50%). This has resulted in a reduction of monitoring networks, environmental protection and nature conservation , a reduction of projects funding, PhD students and personnel in universities and research centres and, probably in the near future, will lead to a reduction of the scientific production and publications.
Resolution: what for the future?
In this panorama of economic crisis, the European programme 'Horizon 2020' (European Commission, 2012), together with some national initiatives, will be the main instrument for Iberian countries to maintain scientific excellence in the period 2014-2020. This research will be rooted in that which is being done by the authors leading the list in the previous section, including ecotoxicology issues (biological responses to pollutants; adaptability of organisms; etc.), analytic organic chemistry (including pharmaceuticals, new analytical methodologies, etc.), reconstruction of past climate and ecology, molecular analysis of marine microbial food-webs, seagrass and other coastal vegetation, carbon dynamics in land-ocean exchange, functioning of coastal food-webs in relation to hydrography and small-scale physical processes, etc. This research will provide continuation in excellence. But, in addition to those, which could be the main challenges for Iberian marine research in this period? We think that, at some extent, they can be similar to the marine research questions prioritized in several surveys to scientists made recently by Rudd and Lawton (2013) , at global scale; Rees et al. (2013) , in the United Kingdom; Fissel et al. (2012) , in Canada; or the International Council for the Exploration of the Sea (ICES) Draft Science Plan (2014-2018), which we have compared with the Iberian marine research that we propose in the bullets below (Table 4 ). All of them focus on main challenges regarding global change, biodiversity, management, integrative assessment, conservation or understanding of human impacts on marine ecosystems, among others. Hence, we think that the main challenges for Iberian research are related to those global issues identified everywhere.
Marine management: a knowledge-based issue
It is well known that research is needed to inform, provide support for and implement existing and future European policies, which must, in any case, encompass different perspectives and apprehensions and account for: (i) the search for human well-being and the maintenance of human health and safety; (ii) the attempt of using marine ecosystem in an ecologically sustainable way; and (iii) the tolerance of these ecosystems to increasing human population pressures and demand for wealth creation (for instance to access sea bottom resources after the United Nations completion of countries continental shelf extension process) (Marques et al., 2009 ). Hence, knowledge should be transferred towards development of evidence-based policy regulation and management (Minster and Connolly, 2006) . Adoption of a knowledge-based approach is required in the elaboration of a range of European maritime policies, whether sectoral (research, energy, fisheries, transport, security) or general (European Maritime Policy). A knowledge-based approach is also required for the implementation of the different Environmental Action Plans and associated thematic strategies, research framework programmes and directives (e.g. Marine Strategy Framework Directive (MSFD, 2008/56/EC), WFD, Common Fisheries Policy, Integrated Coastal Zone Management (ICZM), Marine Spatial Planning and Coastal Management Directive, Natura 2000, etc.). Strengthening the science-base of these and related policies should be an inherent requirement in their implementation (Minster and Connolly, 2006) .
Marine research: a source of jobs?
The European Maritime Policy recognises that the maritime industries and services encompass a wide range of sectoral economic activities, from shipbuilding to shipping and ports, to fisheries and aquaculture, to recreational activities and tourism, to offshore energy exploration and extraction, and to a large number of related technical and economic services. Now, with the world economy facing a deep crisis, perhaps this marine environmental legislation can be a source of technological development and job opportunity in a range of marine sectors. At present, marine economic activities in Iberian mainly focus on tourism and fisheries/aquaculture. We need more technological development (research, scientific-technical, oceanography, exploitation of new energy sources, etc). Hence, as stated by Borja (2011) , marine researchers must provide information to these sectors on which different issues within this legislation worldwide need technological development supported with job opportunities. This author proposes a series of thematic areas to which marine research can play an active role in developing new products.
The ecosystem-based approach: a challenge for integration
As commented above, Portuguese and Spanish scientists have played an important role in implementing the WFD (an example can be seen in the number of assessment methods developed in these countries: Birk et al. (2012) ). Now, they are also participating in implementing the MSFD, in which the main objective is to maintain a good environmental status for marine waters, habitats and resources, delivering an integrated ecosystem-based approach. The need of studying multiple components of the ecosystem, together with the integration of the information, makes the MSFD as an important area of research . In this particular case, while we have a good knowledge of the structural aspects of marine systems and associated study methods (see Birk et al., 2012) , our knowledge of the ecosystem functioning, resilience and threshold effects is scarce and the methods and indices for their study are more uncertain and require to be investigated (Borja et al., 2010a; Folke et al., 2002) . In addition, the use of models (e.g. hydrodynamic, habitat suitability models, ecosystem models, etc.) will be of importance for an adequate management of marine waters.
Human activities and impacts to the ecosystem: need of a Marine Spatial Planning
Human activities are producing increasing impacts in marine ecosystems (Halpern et al., 2008) , which usually are cumulative and need research to conserve and manage the oceans (Ban et al., 2010) . In addition, the increasing human uses of marine waters (e.g. fisheries, aquaculture, shipping, renewable energies, recreation, mining, etc.) has promoted the discussion about how to appropriately manage the simultaneous need to conserve marine resources and keep our current essential uses (Collie et al., 2013) . The approach to find a balance of these two aims is the Marine Spatial Planning (Ehler and Douvere, 2009) . With the adoption of the new European Marine Spatial Planning and Coastal Management Directive (now in draft), this will be a field of research which is increasing very fast (Qiu and Jones, 2013; Stelzenmüller et al., 2013; Suárez de Vivero and Rodríguez Mateos, 2012) .
Ecosystem services: is there a price for using marine resources?
It is well known that marine ecosystems provide numerous goods and services (Barbier et al., 2012) , such as biogeochemical services (e.g. carbon sequestration), nutrient cycling, coastal protection (e.g. provided by coral reefs), food provision, etc. (Costanza et al., 1997) . Despite the important role of such goods and services, their study and their associated monetary value is still limited and, although some studies have been undertaken in Iberian seas (e.g. Murillas-Maza et al., 2011; Pinto et al., 2013a Pinto et al., , 2013b ) much more research is needed for a better management of the oceans.
From fisheries to aquaculture
Spain and Portugal have good research records in fisheries. Since the 1980's both countries, and especially Spain, are leading some aquaculture production, in shellfish and fishes. In this way, Iberian scientists have been involved in different topics of aquaculture research, from new species, new products, better production practices, to environmental impacts. Now, there is also place to investigate the reduction of impacts and implement new sustainable aquaculture methods, including multitrophic approaches (Aguado-Giménez et al., 2012; Quintino et al., 2012; Ruiz et al., 2010; Sanz-Lázaro and Marín, 2006) , and the adaptation both of fisheries and aquaculture to climate change (Merino et al., 2012) .
Global change: from studying impacts to adaptation and mitigation
The oceans are changing rapidly due to human actions (Halpern et al., 2008) . Surface waters are warming, sea-level rise is accelerating and the oceans are becoming increasingly acidic. These 'new' anthropogenic factors are affecting marine ecosystems in the Iberian Peninsula (Chust et al., 2011; Gómez-Gesteira et al., 2011; Vargas Yáñez et al., 2008) which, in many areas, have already been significantly weakened by overfishing, contamination, invasive species and other human-induced influences. Such factors will introduce changes in communities' composition and probably in food webs and ecosystems stability, resilience, and functioning. However, our understanding of the linkages between anthropogenic disturbances, biological diversity, ecosystem services, functionality, and the resilience of marine ecosystems needs to be improved (Narayanaswamy et al., 2013; Pinto et al., 2013b) . In fact, for some ecosystem components such as macroalgae, investigating the combined effects of human pressures (e.g., exploitation and wastewater discharges) and environmental variables (e.g., light, waves, temperature), over long-term series, demonstrated that, in impacted areas macroalgae are more vulnerable to environmental changes and its resilience is more reduced. Currently, there is an insufficient policy, inadequate research and management funding, and gaps in scientific knowledge. For example, it will be necessary for future marine research to increase knowledge on the combined effects of concurrent climate and non-climate stressors and their effects on species interactions and responses at assemblage and ecosystem levels (Olabarria et al., 2012; Wernberg et al., 2012) .
Intensive monitoring is also a precondition for the further development of coupled ecosystem-global change models, as demonstrated by the above example of macroalgae in Spain. In addition, development of models, scenarios and adaptation measures to global changes are also needed (Ciscar et al., 2011; Nicholls et al., 2012; Tobey et al., 2010) .
Restoration: recovering structure and functioning
Iberian coasts and estuaries have experienced important degradation throughout the 20th Century (Marcos et al., 2009 ). Hence, ecological restoration is becoming an increasingly important tool to manage, conserve, and repair damaged ecosystems, with significant advances in the past few decades (Hobbs, 2007) . Therefore, measuring restoration at community level is neither fast nor easy, and requires a focus on restoration of community function, e.g., habitat reconstruction, species interactions, trophic structure, rather than a focus on the restoration of particular species (Borja et al., 2010b; Verdonschot et al., 2013) . Thus, restoration efforts should rely on what is known from theoretical and empirical research on how communities develop and are structured through time. Some areas of community theory (e.g. dispersal/ colonisation dynamics, patch dynamics, metapopulations theory) and recovery processes are poorly understood and thus research in these areas will benefit both basic ecology and restoration practices, providing evidence of how this ecological knowledge might enhance restoration success (Verdonschot et al., 2013) . Further research is also needed to identify restoration thresholds and develop corrective methodologies to overcome such thresholds.
Conservation: Marine Protected Areas as important management tools
Marine Protected Areas (MPAs) are an important tool for enhancing the resilience and adaptive capacity of ecosystems (García-Charton et al., 2008) . They are also important because they allow mitigation of anthropogenic factors, such as overfishing or habitat destruction within their boundaries, by means of management or prohibition (Mumby et al., 2006) . Not only MPAs, but also protection of near-natural ecosystems is a very good strategy for managing climate change-related stressors and biodiversity (Heller and Zavaleta, 2009) .
Probably, in addition to the abovementioned research priorities, other research needs could be raised in coming years by the Iberian scientific community. In this Special Issue there are some examples of such new topics, which show the evolution and quality of Iberian investigation in recent years. However, as Bernard de Chartres (13th Century) said, we build science over the shoulder of giants, represented by those individuals who, after the 15th Century sailed the world seas, looking for new opportunities. We are convinced that this is now the opportunity for the Iberian research: make it every day more international and more excellent.
